The problem of the dynamical structure and definition of energy for the classical general theory of relativity is considered on a formal level~As in a previous paper, the technique used is the Schwinger action principle, Starting with the full Einstein Lagrangian in first order Palatini form, an action integral is derived in which the algebraic constraint variables have been eliminated. This action possesses a "Hamiltonian" density which, however, vanishes due to the differential constraints. If the differential constraints are then substituted into the action, the true, nonvanishing Hamiltonian of the theory emerges. From an analysis of the equations of motion and the constraint equations, the two pairs of dynamical variables which represent the two independent degrees of freedom of the gravitational field are explicitly exhibited. Four other variables remain in theory; these may be arbitrarily specified, any such specification representing a choice of coordinate frame. It is shown that it is possible to obtain truly canonical pairs of variables in terms of the dynamical and arbitrary variables. Thus a statement of the dynamics is meaningful only after a set of coordinate conditions have been chosen. In general, the true Hamiltonian will be time dependent even for an isolated gravitational field. There thus arises the notion of a preferred coordinate frame, i.e. , that frame in which the Hamiltonian is conserved. In this special frame, on physical grounds, the Hamiltonian may be taken to define the energy of the field. In these respects the situation in general relativity is analogous to the parametric form of Hamilton's principle in particle mechanics. ' R. Arnowitt and S. Deser, Phys. Rev. 113, 745 (1959). This paper will be referred to as I. We use, as in I, natural units: c= 1, It;=167ryc 4= 1 (y is the Newtonian gravitational constant). In general relativity the diTiculty in carrying out the above program resides in the invariance under the function group of coordinate transformations.
l. INTRODUCTION ' 'N the program of the quantization of the general -theory of relativity, ' stress has been laid on the necessity of treating the gravitational field as a dynamical system expressed in canonical form. Only when a theory has been expressed in the standard Hamiltonian form arising in Lorentz-covariant theories can the possibility of consistent quantization (by way of the Schwinger action principle) be examined. That this is as feasible for the gravitational field as for the more usual fields is masked by the general coordinate invariance of the theory. In I, a beginning was made by separating out the gauges from the dynamical properties for the linearized approximation; we shall here examine this point for the full classical theory, and indicate formally how the canonical structure is to be reached there. In a subsequent paper, its explicit form will be discussed.
In I, the formulation of the general theory in terms of the action principle was given. In accordance with the basic requirements of the principle, the Lagrangian was stated in first order form with the metric tensor and affinity treated as independent variables. The action principle yields in general three items: the first order Lagrange equations of motion, and two gener-* Supported in part by a National Science Foundation research grant.
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Greek indices run from 0 to 3, Latin indices from 1 to 3, and x'=t. Ordinary di6'erentiation is denoted by a comma in a subscript or the symbol 8", ating functions. One generating function gives rise to canonical commutation relations, while the second, generating space-time translations, yields the Heisenberg equations of motion. The requirement that the Heisenberg and Lagrange equations be equivalent varifies the consistency of the quantization procedure.
In general relativity the diTiculty in carrying out the above program resides in the invariance under the function group of coordinate transformations.
In I, this difficulty was overcome for the linearlized theory.
It was seen there that the process of obtaining the correct canonical variables involved making a "gauge" (i.e. , linearized coordinate) transformation from an arbitrary gauge to a "radiation" gauge. In this paper we shall extend the analysis to consider the full theory in this light. Of the two types of constraints mentioned in I, the algebraic constraint variables can be handled quite simply in this formalism. At the beginning of the next section their explicit elimination will be carried out. In the process certain combinations of the remaining variables appear in the equations of motion. These combinations remain redundant until the differential constraints are utilized. However, they are physically significant in that the specification of the fields on a given spacelike surface can be given in terms of these combinations. From these considerations it is suggestive to restate the theory in.terms of variables that possess the geometrical properties of decomposing the four dimensional characterizations of the space into 3+1 dimensional aspects. Upon doing this, both the equations of motion and the Lagranian greatly simplify.
The simplified form of the Lagrangian yields a corresponding set of generating functions. The "energymomentum" vector so The other components of the four-dimensional metric tensor can then be expressed in terms of these variables:
4 The form of the coordinate conditions may of course be modi6ed in the presence of matter because the basic condition of time independence now must be imposed on the total Hamiltonian of gravitational field plus matter.
The properties of these variables are discussed in detail in a forthcoming paper by C. Misner In terms of these quantities, Eqs. (2.4a) and (2.5a)
+N'l'P f~E i, (3. '7b) while the differential constraint equations that replace 
Bpl:('g)'*~"~K'-+('g)'*BK3) (4 7)
The total time derivative then gives rise to the new generator G, = -dprL('g)-'*7' BK;,y ('g)'*BK7, (4 2) G. = t T»'Bx"('g)~d'r, General relativity differs from the simple classical particle problem as follows: in the classical case, one knows the physical parameter t, ab initio, while in general relativity the coordinates are arbitrary to begin with, i.e. , we are given a structure of the type (4.18) without any initially given Hamilton's principle type of action. The choice of the "radiation" coordinate condition we have discussed leads to a coordinate independent T'I" and hence to conservation laws for a conservative system. This makes our "radiation" frame agree with the coordinates used in the rest of physics and thus our coordinates correctly match on to the ones at infinity where Oat-space classical results hold.
It is interesting to formulate the central results of I for the linearized theory in terms of the above analysis.
To zeroth order, which is the background Qat space without dynamics, g;. ;~~a nd g~vanish. Thus if we write g;;= , '(h, ,+h, , )-= 8;;, we s-ee that h, =x, in the zeroth approximation. Similarly, it is easy to see that the zeroth order E;;~~, E~, and E;~vanish while E = -x'. " The last follows from an identity that may be obtained from Eq. (3.6), i.e. , G= p p,8q, N(T)RST-(4 19) BoK= Ni;i*'+N(K,;K'&'+Ki -g'). In zeroth order this reduces to ROE~= -Ã. Since N= ( -g'0) l= 1 in the flat-space limit KL must reduce to -x'. We thus can write g,;=8;;+h;,, where h;; is a first order quantity. Expanding the action of Eq.
(4.7) (in which the constraints have already been substituted), one obtains as the only nonvanishing terms to quadratic order Thus the true Hamiltonian arises only when the constraints are utilized. The analog of the coordinate conditions of general relativity consists in specifying q"4. q= q~q(r). Then Bq"+q=(dq~~(dr)8T. This is possible since the canonical equations do not determine q"+& (just as they do not specify they&de6nedin the relativity case). Thus, for an arbitrary choice of the function q +~(T), the Hamiltonian generating the translations in I d4gt 14 coordinates. This physical criterion is necessary in order that the usual conservation laws for a closed system apply here. Thus, the above physical requirement determines a special choice of the four arbitrary quantities and hence implies that one may physically '2 It should be noted that the first order gauge functions are not determined in the linearized theory itself. The 6rst order gauges, however, will enter in the second order dynamical equations and correspondingly, the second order gauges fail to appear there. In general, the eth order gauges are determined in the (x+1)st order approximations. That is, the coordinate frame needed to describe the Nth order theory is determined in the (n -1)st approximation. This is of course consonant with the statement that in the full theory the gauge functions are determined by the condition that the Hamiltonian be coordinate independent. In electrodynamics, on the other hand, the gauge function cancels our rigorously and need not be speci6ed to discuss motion, since coordinates and gauge are independent.
use only a special class of coordinate frames to describe the theory. independent of the particular form of r(g~r). Correspondingly, in general relativity one can consider g' as depending on e" via the relations g' (x) =g' Lx(v)j =g' (r). We here treat r& as the independent variables and leave no reference to the original arbitrary set, xi".
In particle mechanics, we write t for g"+~t o emphasize the physical interpretation whereby energy is conserved and hence the correlation with the usual definition of time is achieved. Similarly, in general relativity, the proper choice is seen to be connected with the energy conservation and asymptotically fatness conditions and in this fashion one makes contact with the coordinates used in the rest of physics. Viewing the e& in the role of independent variables emphasizes again that they will have to be c numbers in the corresponding quantum theory.
In the discussions of this paper, we have analyzed in a formal fashion the structure of the dynamics of general relativity. We 
